In order to ensure the safe operation of EMU in the harsh wind environment and extreme temperature conditions, the research studied the temperature in the equipment cabin of high-speed train when it travels at 250km/h to pass through the wind zone, where the environment temperature is 45 ℃ and the velocity of crosswind is 20m/s. The results show that the temperature in the equipment cabin rises obviously, and the maximum temperature is nearly 89℃ appearing at the top of the traction converter of head car. It is of guiding significance for the location of air inlet in the equipment cabin and the setting of the air duct.
INTRODUCTION
Due to the special structure and marshalling form of high-speed train, traction transformer, traction converter, traction motor and other high-power electric _______________________ equipment to ensure the normal operation of the train are located in the equipment cabin under the train. During the operation of the equipment, a great deal of heat will be generated, which will cause a sharp rise in the temperature of the working environment around the equipment [1] [2] [3] . It will easily cause damage to the equipment and affect the normal operation of the high speed train. Domestic and foreign train equipment has been unable to operate because of the temperature is too high, resulting in train parking accident. It has a great influence on railway operation safety, economic benefit and social image.
With the rapid development of high-speed railway, the EMU may be operating in extreme temperatures, wind and other harsh environment This harsh environment will have an impact on the ventilation performance of the high-speed train equipment cabin, thus affecting the cooling effect of equipment cabin [4] . In recent years, lots of researches have been done on the equipment cabin of high-speed train. Q. Jia considered the ventilation performance of equipment cabin of high-speed train by using numerical simulation method. Flow field and temperature field are both considered in this paper [5] .
. W.J. Hu numerically studied the ventilation, heat dispersion and dynamic loads of equipment cabin, and considered the influence of crosswind on the heat dissipation performance of equipment cabin of high-speed train [6] G. Bai found that the train speed and longitudinal location of vent have some influence on the ventilation and heat dissipation in equipment cabin of high speed train [7] .
The paper numerically studied the temperature field of the equipment cabin when the train passes through the wind zone in the harsh wind environment and high temperature condition. As the internal flow field and external flow field of equipment cabin is communicated through the grille and strainer, the interaction between the external flow field of the train and the flow field inside the equipment cabin has been taken into account. It can provide reference for the design and operation of the equipment cabin which can operate safely in severe wind environment and extreme temperature condition.
NUMERICAL METHODS
In this paper, the running speed of the train is in the range of incompressible fluid, and the condition that the air will be strongly squeezed will not happen. Therefore, this numerical simulation is mainly to solve the incompressible N-S equation. The standard two equation turbulence model is adopted, and the velocity and pressure coupling is solved by using the SIMPLEC algorithm.
Model and grid
A 3-car marshalling (head Car + intermediate car + tail car) EMU model is adopted. Fig.1 .a shows the head car used in the numerical calculation. In this analysis, the temperature field around the traction converter and the traction transformer in the cabin are mainly considered. Therefore, this paper mainly simulates 2 equipment cabins, which are the traction converter locating in the head car and the traction transformer locating in the middle car, as shown in Fig.1 .b. The specific size of the computational domain is shown in Fig.2 . The length of the calculation area should make the calculation region of the downstream boundary as far as possible from the train, in order to avoid the influence of outlet by wake; the width should be large enough to avoid the impact of blocking effect. The height of the wind-break wall is 4.0m and the distance from the train to wind-break wall is 9.2m. The computational domain is discretized by hexahedral or polyhedral meshes in the popular open source software: OpenFoam. The structure of the train, equipment cabin, traction transformer and traction converter is complicated, and we are concerned about the flow field around the train and the equipment cabin, as well as the interaction between the flow field in the equipment cabin and the outside world. As a result, the surface mesh of these parts has been encrypted to ensure the simulation accuracy (Fig.3.a) , and the total number of cells is approximately 10 million. In order to solve the wall boundary layer, the surface thickness of the first layer boundary layer of train is 1mm and the y+ of high-speed train surface is between 30~200, which satisfies the requirement of y+ for the selected standard turbulence model, as shown in Fig.3 .b. 
Boundary conditions
The environmental temperature is 45℃, the elevation is 1000m, and the ambient atmospheric pressure is about 90kPa. Considering the factor of gas heating expansion, the air is treated by ideal gas.
RESISTANCE CHARACTERISTICS OF VENTILATION GRILLE
A row of ventilation grilles are arranged on both sides of the apron board of the train equipment cabin, and the grille is equipped with a strainer. There is a pressure loss when the air flows through the grille into the equipment cabin, which is simulated by the porous medium model. The ventilation characteristics of the grille and strainer are tested, and the resistance characteristics of the grille under different wind speeds are obtained. The experimental data are shown in Table 1 . The model equation of porous medium is [8] :
where C 2 is the coefficient of inertial resistance, ρ is the density of fluid, Δn is the medium thickness, v is the velocity of fluid, μ is the dynamic viscosity of fluid, 1  is the coefficient of viscous resistance.
The medium thickness is 0.012m in this paper, and the 1  =1.96×10 6 ，C 2 =88.01.
HEAT DISSIPATION OF EQUIPMENT SURFACE
In this numerical simulation, the heating equipment has traction converter and traction transformer, and the equipment surface is set as constant heat flux. The heat dissipation of the heating equipment and its heat flux are shown in Table 2 . 
VENTILATION SETTING OF EQUIPMENT
Transformers and converters are highly integrated, the internal structure is more complex, according to the ventilation of the equipment (Table 3) converted into the ventilation of the equipment flow, which is set as the velocity inlet in the simulation. 
RESULTS AND DISCUSSION
The paper mainly concerned about the pressure and temperature distribution in equipment cabin when the train speed is 250km/h and the velocity of crosswind is 20m/s. Figure 5 shows the temperature distribution of the converter in the equipment cabin of head car. Fig.5 .a shows that the temperature of entire top surface increased significantly, especially in the left part, the maximum temperature is nearly 89℃. This is because the air inlet is arranged on the side, and the direction of the train speed is perpendicular to the direction of intake. The inertia effect of high speed makes it difficult for the air to flow into equipment cabin, and push the air accumulate in the opposite side direction of the train operation. The upper part of the converter is piled up with hot air, and the temperature difference between the high-temperature wall and air decreases continuously, which weakens the heat exchange effect. Therefore, the temperature of this part of the converter is gradually increased. 
Temperature of traction converter

Temperature of traction transformer
The temperature distribution of the transformer in the equipment cabin of middle car is shown in Fig.7 . As can be seen from the figure, the overall temperature of the transformer similarly presents symmetrical distribution, high temperature region exists on both sides of the eight corners; the maximum temperature is about 61℃. After the air comes in, the heat exchange is carried out with the high-temperature wall, and then is discharged directly from the air outlet. That's why the temperature in some narrow places of transformer is high. The large velocity of air leads to high efficiency of heat transfer, which causes the whole temperature of the transformer to be low. 
CONCLUSION
Numerical simulation method is adopted in the paper, and the temperature field in equipment of high-speed train is discussed when it travels at 250km/h to pass through the wind zone, where the environment temperature is 45℃ and the velocity of crosswind is 20m/s. It is found that the maximum temperature is nearly 89℃, which appears at the top of the traction converter of head car. We suggest that the air inlet of converter could be set on both sides, and the position of the two vents at the top of the converter can be more closer to the outlet.
